ELECTRO-HYDRAULIC POWER STEERING APPARATUS 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to an electro-hydraulic 
power steering apparatus having a hydraulic pump driven by a 
motor. 



10 Background Art 

The conventional electric power steering apparatus 
decelerates a rotational output of an electric motor to become 
an auxiliary steering torque and transmits it to an output shaft 
of a hand steering gear, assisting a manual steering effort 

15 applied to a steering wheel to turn the wheels. In the 
conventional electric power steering apparatus motor, a disc 
spring for applying a pre-load to the rotational shaft along 
the shaft center in a direction toward the bearing is held between 
an outer ring portion of bearing and a yoke bearing housing. 

2 0 Also, in the conventional electric power steering apparatus, 
the motor has a motor housing composed of a receiving portion 
of concave shape for receiving the bearing at the opposite end 
of the output side and a yoke, with a vibration absorbing material 
interposed between the bearing received in the receiving portion 

25 and the receiving portion (e.g., refer to JP-A-11-252851 , 
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paragraphs [0002 ] to [ 0004 ] , [0014 ] , Fig. 7A, Fig. 1 ) . Moreover, 
some of the conventional electric pumps had a noise damper barrel 
communicating to a discharge chamber or an elastic body in a 
drive joint (e.g., refer to JP-A-10-82377 paragraphs [0014], 
5 [0018], Fig. 1, Fig. 8). 

In the conventional electro-hydraulic power steering 
apparatus, although the bearing for rotatably bearing the 
rotational shaft was supported via the elastic body , the bearing 
was not pressed in the axial direction by the elastic body. 
10 Accordingly, there was a problem that a great noise was produced 
from the electro-hydraulic power steering apparatus, 
especially under the influence of pulsating hydraulic pressures 
of the hydraulic pump driven by the rotational shaft. 

15 SUMMARY OF THE INVENTION 

This invention has been achieved to solve the 
above-mentioned problem, and it is an object of the invention 
to provide an electro-hydraulic power steering apparatus with 
a simple constitution, cheaply and with low noise, including 

2 0 effective noise reducing means that is suitable for the 
electro-hydraulic power steering apparatus. 

To achieve the object, the invention provides an 
electro-hydraulic power steering apparatus including: a motor 
having a rotational shaft and provided with a bearing for 

25 rotatably bearing the rotational shaft; a hydraulic pump 
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-.disposed at one end of the rotational shaft of the motor and 
driven by the motor; a first elastic body for supporting the 
bearing; and a second elastic body for pressing the bearing 
in an axial direction. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention may be more readily described with 
reference to the accompanying drawings : 

Fig. 1 is a cross-sectional view of the primary portion 
10 of an electro-hydraulic power steering apparatus according to 
an embodiment 1 of the present invention. 

Fig. 2 is a cross-sectional view of the primary portion 
near a bearing on the opposite side of a hydraulic pump according 
to the embodiment 1 of the invention. 
15 Figs. 3A and 3B are a front view and a cross-sectional 

view of a wave washer according to the embodiment 1 of the 
invention. 

Figs. 4A and 4B are a front view and a cross-sectional 
view of a disc spring according to the embodiment 1 of the 
20 invention. 

Fig. 5 is a cross-sectional view of the essence near a 
bearing on the opposite side of a hydraulic pump according to 
an embodiment 2 of the invention. 

Fig. 6 is a cross-sectional view of the essence near a 
25 bearing on the opposite side of a hydraulic pump according to 



3 



* 



it * 

•M 

van embodiment 3 of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

5 An embodiment 1 of the present invention will be described 

below with reference to the accompanying drawings. Fig. 1 is 
a cross-sectional view of an electro-hydraulic power steering 
apparatus. Fig. 2 is a cross-sectional view near a bearing on 
the opposite side of a hydraulic pump as shown in Fig. 1. Fig. 

10 3A is a front view of a wave washer . Fig. 3B is a cross-sectional 
view of Fig. 3A taken along the line A-A. In the followings, 
the same or like parts are designated by the same numerals. 
In the figures, the electro-hydraulic power steering apparatus 
1 has arranged axially and integrally a motor 2 that includes 

15 abrushlessmotor, a control circuit 3 for controlling excitation 
of the motor 2, and a hydraulic pump 4 driven by the motor 2. 

The motor 2 has a stator 6 pressed securely into an inner 
circumferential face of a frame 5 made from a steel plate , and 
a rotor 7 disposed with a certain gap between the inner 

2 0 circumferential face of the stator 6 and the rotor. The rotor 
7 has a bearing 9 on the side of the hydraulic pump 4 in which 
an outer ring is securely pressed into a housing 8 made of aluminum, 
and a bearing 10 on the opposite side of the hydraulic pump 
on the frame 5 . The rotor 7 is rotatably borne by the bearings 

25 9 and 10. 
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The stator 6 has a bobbin 12 molded of nylon mounted and 
insulated in a core 11 having the electromagnetic steel sheets 
laminated, with a stator coil 13 wound around the bobbin 12. 
A plurality of coil terminals 13a in the stator coil 13 are 
5 placed in a predetermined connection (e.g., three phase delta 
connection) by a coil connector 14 disposed on a side portion 
of the stator 6. A connecting terminal 15 extending from the 
coil connector 14 is connected to a control circuit 3 received 
in the housing 8a made of aluminum, and the stator coil 13 is 

10 fed with electric power via the connecting terminal 15 from 
the control circuit 3. 

The rotor 7 comprises a yoke portion 17 making up an iron 
core formed integrally around the rotational shaft 16, with 
a ferrite magnet 18 being bonded onto an outer circumferential 

15 face of the yoke portion 17 by an adhesive. The bearing 10 on 
the opposite side of the hydraulic pump has an annular O-ring 
20 having a circular section and made of nitrile rubber in a 
groove portion 19 provided on the outer ring, with an inner 
ring press fit into the rotational shaft 16. The frame 5 is 

20 integrally formed with a receiving portion 21 for receiving 
the bearing 10, in which the inner diameter of the receiving 
portion 21 is slightly larger than the outer diameter of an 
outer wheel of the bearing 10, with a small gap permitting the 
assembling of the bearing 10 into the receiving portion 21. 

25 The O-ring 2 0 is compressed and disposed between the inner 
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, circumferential face of the receiving portion 21 and the outer 
ring of the bearing 10 , the rotor 7 being resiliently supported. 
The bearing 10 is assembled into the receiving portion 21 with 
a grease coated on the outer ring of the bearing 10. 
5 A wave washer 22 formed from a spring steel plate in a 

waveform and having elasticity is disposed in an axial gap 
between the outer ring of the bearing 1 0 and the receiving portion 
21. The wave washer 22 presses the outer ring of the bearing 
10 , and the rotational shaft 16 via the bearing 10 toward the 

10 hydraulic pump 4. The bearing 9 has a larger bearing size than 
the bearing 10, in which the inner ring of the bearing 9 is 
secured to the rotational shaft 16. Accordingly, if the outer 
ring of the bearing 10 is pressed by the wave washer 22 , a backlash 
due to bearing inside gaps of the bearings 9 and 10 is axially 

15 compressed and roughly removed. 

The rotational shaft 16 extends from the bearing 9 via 
the control circuit 3 to the hydraulic pump 4, in which a pawl 
portion 23 provided integrally at the end of the rotational 
shaft 16 is coupled with the hydraulic pump 4 by an Oldham's 

20 coupling. A housing 8b made of aluminum on the side of the 
hydraulic pump 4 and a housing 8a for the control circuit 3 
are fitted together with the housing 8 of the motor 2 , and securely 
integrated by a clamp screw 24. A gear of the hydraulic pump 
4 is driven by a rotational force of the rotational shaft 16 

25 to generate a certain hydraulic pressure. 
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Tfte control circuit 3 received within the housing 8a 
detects the polarity of a sensor magnet 25 rotating along with 
the rotational shaft 16 using a hall element, not shown, opposed 
to the sensor magnet 25 and provided in the control circuit 
5 3, and discriminates the polarity of a magnet 18 of the rotor 
7 to energize the stator coil 13 in a predetermined way. 

The operation of the electro-hydraulic power steering 
apparatus in the embodiment 1 will be now described. The control 
circuit 3 detects the polarity of the sensor magnet 25, and 

10 energizes the stator coil 13 via the connecting terminal 15, 
so that the rotational shaft 16 is rotated owing to an 
electromagnetic action with the magnet 18 provided in the rotor 
7 to cause the hydraulic pump 4 to be driven via the pawl portion 
23 by its rotational force, whereby the driver is assisted with 

15 a steering force by its hydraulic pressure. For the 
electro-hydraulic power steering apparatus 1, the motor for 
use with 12V, about 50 to 10 OA and about 4 000r/min is particularly 
required to have safety, responsibility, small size and high 
performance, and be silent and inexpensive. 

20 The electro-hydraulic power steering apparatus 1 as 

constituted above comprises the motor 2, and the hydraulic pump 
4 disposed at one end of the rotational shaft 16 for the motor 
2 and driven by the motor 2, in which the bearing 10 rotatably 
bearing the rotational shaft 16 is resiliently supported via 

25 the O-ring 2 0 in the receiving portion 21, and the outer ring 
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• of the bearing 10 is resiliently pressed in the axial direction 
up to the wave washer 22 to force the rotational shaft 16 toward 
the hydraulic pump 4. Therefore, the noise of the 
electro-hydraulic power steering apparatus 1 due to pulsating 
5 hydraulic pressures is suppressed effectively, whereby the 
electro-hydraulic power steering apparatus 1 is produced with 
a simple constitution and cheaply. 

Particularly, though the noise of the elecro-hydraulic 
power steering 1 might be increased by pulsating hydraulic 

10 pressures because of the existence of a backlash due to a gap 
in the receiving portion 21 and a backlash due to inside gaps 
of the bearings 9 and 10, the occurrence or propagation of the 
noise is suppressed by the O-ring 20 that resiliently supports 
the bearing. Moreover, since the bearing is resiliently pressed 

15 in the axial direction by the wave washer 22, the backlash due 
to bearing inside gaps of the bearings 9 and 10 is reduced to 
suppress the occurrence or propagation of the noise due to 
resiliency, thereby making the life of the bearing longer. In 
the conventional electric power steering apparatus, because 

20 the use of the wave washer 22 increases a loss torque, it is 
apprehended that the steering wheel of the vehicle is badly 
restored. However, in the electro-hydraulic power steering 
apparatus 1, it does not occur that the steering wheel is badly 
restored due to an increased loss torque, whereby the 

25 constitution is made suitable for the electro-hydraulic power 
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.steering apparatus 1. 

Also, because the control circuit 3 for controlling 
excitation of the motor 2 is integrally provided between the 
motor 2 and the hydraulic pump 4, the rotational shaft 16 is 
5 longer from the bearing 9 to the hydraulic pump 4 to possibly 
aggravate the concentricity of the rotational shaft 16. 
Consequently, a deflection of the rotational shaft 16 on the 
side of the hydraulic pump 4 is increased to have a greater 
influence on the side of the bearing 10 and further generate 

10 the noise. However, owing to the O-ring 20 and the wave washer 
22, the occurrence or propagation of the noise is effectively 
suppressed, and the life of the bearing is longer, whereby the 
electro-hydraulic power steering apparatus 1 with low noise, 
small size and high performance is obtained. 

15 Also, of the two bearings 9 and 10 bearing the rotational 

shaft 16 of the motor 2 , the bearing 9 on the side of the hydraulic 
pump has a larger bearing size than the bearing 10 on the opposite 
side of the hydraulic pump, so that the bearing inside gap of 
the bearing 9 is larger than that of the bearing 10 to further 

20 increase the noise. However, because of the O-ring 20 and the 
wave washer 22, the occurrence or propagation of the noise is 
effectively suppressed, whereby the electro-hydraulic power 
steering apparatus 1 with low noise and longer life of the bearing 
is obtained. 

25 Also, there is a gap between the outer diameter of the 
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-bearing 10 on the opposite side of the hydraulic pump and the 
inner diameter of the receiving portion 21 for receiving the 
bearing 10, and the bearing 10 is resiliently supported via 
the O-ring 2 0 in the gap, the outer ring of the bearing 10 being 
5 resiliently pressed in the axial direction by the wave washer 
22, whereby the electro-hydraulic power steering apparatus 1 
is produced in which the occurrence or propagation of the noise 
is effectively suppressed with a simple constitution, and the 
bearing 10 is easily assembled into the receiving portion 21. 

10 Also, since the wave washer 22 is employed as the elastic 

body for pressing the bearing 10 in the axial direction, the 
constitution is easily and cheaply realized with excellent heat 
resistance. Fig. 4A is a front view of a disc spring. Fig. 4B 
is a cross-sectional view of Fig. 4A taken along the line B-B. 

15 The disc spring 26 formed from a spring steel plate may be 
substituted for the wave washer 22, but since the disc spring 
26 has typically a higher rigidity than the wave washer 2 2 and 
has an angular portion on the abutment face, there is likely 
to occur an abrasion when the disc spring 2 6 without being 

20 sintered contacts an inner wall face of the receiving portion 
21. Therefore; the wave washer 22 is preferably employed. 
Embodiment 2 

Fig. 5 is a cross-sectional view near a bearing on the 
opposite side of a hydraulic pump according to an embodiment 
25 2 of the invention. In Fig. 5, the bearing 10 on the opposite 
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-side of "the hydraulic pump has its inner ring press fit into 
the rotational shaft 16 , a rubber bush 27 made of nitrile rubber 
and like a cap to serve as an elastic body is compressed and 
disposed between an outer ring of the bearing 10 and an inner 
5 circumferential face of a receiving portion 21 formed integrally 
in a frame 5 to resiliently bear the bearing 10. Moreover, the 
rubber bush 2 7 is compressed and disposed between the outer 
ring of the bearing 10 and the receiving portion 21 in the axial 
direction, and has a jaw portion 27a for resiliently pressing 

10 the outer ring of the bearing 10 in the axial direction. Other 
constitution is the same as in the embodiment 1. 

The embodiment 2 as constituted above provides the same 
effect of the embodiment 1. Particularly, the rubber bush 27 
has integrally formed an elastic body bearing the bearing 10 

1 5 and an elastic body pressing the bearing 1 0 in the axial direction , 
whereby the number of parts is reduced and the assembling ability 
is improved. Also, because of the rubber bush 27, there is a 
greater effect of reducing the propagation of the noise as 
compared with the metallic elastic body such as the wave washer 

20 22. However, when the electro-hydraulic power steering 
apparatus 1 is employed under the atmosphere of high temperatures 
such as near the engine or exhaust tube, not shown, the wave 
washer 22 has a less deteriorated pressing force, thereby 
providing the effect of reducing the noise for a long time. 

2 5 Embodiment 3 
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Fig. 6 is a cross-sectional view near a bearing on the 
opposite side of a hydraulic pump according to an embodiment 
3 of the invention. In Fig. 6, a wave washer 22 is disposed 
between a jaw portion 2 7a of a rubber bush 2 7 and an outer ring 
5 of a bearing 10, whereby the outer ring of the bearing 10 is 
resiliently pressed in the axial direction by the wave washer 
22 and the jaw portion 27a, in contrast to Fig. 5. Other 
constitution is the same as in the embodiments 1 and 2. 

The embodiment 3 as constituted above provides the same 

10 effect of the embodiments 1 and 2 . Particularly, the wave washer 
22 serving as an elastic body presses the bearing 10 via the 
jaw portion 27a of the rubber bush 27 serving as the elastic 
body in the axial direction, whereby the propagation of the 
noise from the bearing 10 to a receiving portion 21 is further 

15 suppressed, and the noise is reduced. The bearing 10 has the 
wave washer 22 placed, covered with the rubber bush 27 and 
assembled into the receiving portion 21, enhancing the 
assembling ability. Though the disc spring 24 may be employed 
instead of the wave washer 22 , the wave washer 22 contacts with 

20 the jaw portion 25 in a plane, and has a smaller bearing stress 
on the contact portion than the disc spring 24 having an angular 
portion, whereby the propagation of the noise is effectively 
reduced, and a crack is less likely to occur in the rubber bush 
27, providing the effect of reducing the noise for a long time. 

2 5 As described above , with this invention , there is provided 
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an electro-hydraulic power steering apparatus comprising a 
motor having a rotational shaft and provided with a bearing 
for rotatably bearing the rotational shaft, and a hydraulic 
pump disposed at one end of the rotational shaft of the motor 
and driven by the motor, characterized in that the bearing is 
supported via an elastic body and pressed in an axial direction 
by the elastic body. Thereby, the noise of the electro-hydraulic 
power steering apparatus is effectively reduced with a simple 
constitution, and the electro-hydraulic power steering 
apparatus with low noise is obtained cheaply. 
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